A comprehensive procedure was established, which combined a high-performance liquid chromatography (HPLC) assay for the simultaneous quantification of 2 00 -O-b-L-galactopyranosylorientin (OGA) and veratric acid and a gravimetric analysis for the determination of the mass fraction of the floral parts (calyx, corolla, stalk, stamens and pistils and ovary) of Trollius chinensis, to investigate the distribution and identify the enriched floral part(s) of these two compounds in the flowers. The calculated mean distributions of OGA in calyx, corolla, stamens and pistils, stalk and ovary were 83.62, 7.76, 4.35, 2.92 and 1.35%, respectively, whereas those of veratric acid in the corresponding floral parts were 46.41, 9.01, 18.41, 4.11 and 22.06%, respectively, indicating the uneven and noncorresponding distribution of these two compounds. This study extends the application of the HPLC assay and favors the production of OGA and veratric acid from the flowers of T. chinensis in addition to the benefits of breeding, cultivation and utilization of these flowers.
Introduction

2
00 -O-b-L-Galactopyranosylorientin (OGA) and veratric acid are two of the most important bioactive components in the flowers of Trollius chinensis Bunge, which is a Chinese medicine with antiviral and antibacterial effects (1) . OGA possesses antioxidant activity (2) , whereas veratric acid has been reported to have antibacterial, antiinflammatory, antispasmodic, antioxidant and antihypertensive bioactivities (3) (4) (5) (6) (7) , and is considered to be one of the most concentrated components in the flowers of T. chinensis (8) . These flowers are used as a primary natural resource for the isolation of these two compounds because of their high contents. A previous research (9) found that the constituents were unevenly distributed in the floral parts of these flowers. For example, the content of total flavonoids in each floral part was significantly different and the mass fraction of each floral part was also varied, resulting in the unequal distribution of these components. Anatomically, the flower of T. chinensis is hermaphroditic and composed of five parts: calyx, corolla, stalk, stamens and pistils and ovary (10) (11) . The mass fraction of these five floral parts is unequal, which may lead to distributional differences of OGA and veratric acid in these parts. It would be beneficial to the yield increment of these two compounds from these flowers and to the cultivation of T. chinensis if the enriched floral part(s) of OGA and veratric acid were identified. Thus, a comprehensive procedure was established, which combined a high-performance liquid chromatography (HPLC) assay for the simultaneous quantification of these two compounds and a gravimetric analysis for the determination of the mass fractions of these floral parts, to investigate the distribution and identify the valuable floral part(s) of these two compounds in the flowers.
Experimental
Instrumentation and reagents
The equipment for this study included a Waters 1500 series liquid chromatograph (Waters, Milford, MA) equipped with a 1525 binary pump, an online degasser, a manual injector and a 2489 UV/Visible detector; a BS110S electronic analytical balance (Beijing Sartorius Balance Co., Beijing, China); a KQ-500DE electric heated water bath (Kun Shan Ultrasonic Instruments Co., Kunshan, China).
Eleven batches of flowers of T. chinensis were purchased from drug markets and pharmacies in various places of China and identified by Dr. Rufeng Wang. Voucher specimens were deposited at the Herbarium of the Department of Biopharmaceutical Sciences, School of Chinese Materia Medica, Beijing University of Chinese Medicine. The reference compounds OGA and veratric acid were isolated from the title flowers in the laboratory; their purity was not less than 98%, as determined by a normalization method. Acetonitrile of HPLC grade was supplied by Fisher Scientific (Pittsburgh, PA). Ethanol and acetic acid of analytical grade were purchased from Beijing Chemical Factory (Beijing, China). Distilled water, supplied by Watsons (Guangzhou, China), was used to prepare solutions and dilutions.
Methods
Chromatographic condition
HPLC analysis was performed on a Synergi 4u Polar-RP 80A column (250 Â 4.60 mm i.d., 4 mm particle size) manufactured by Phenomenex Co. (Guangzhou, China) with a guard column. Each run was performed with gradient elution, including 5-36% A for 0 -17 min and 36 -38% A for 17 -18 min, using acetonitrile as mobile phase A and 1% acetic acid in distilled water as mobile phase B at a flow rate of 1 mL/min. Ultraviolet (UV) detection was set at 258 nm and the temperature of the column was maintained at 358C. The injection volumes of the solutions of calyx, corolla, stalk, stamens and pistils and ovary were 3, 5, 5, 10 and 10 mL, respectively.
Preparation of reference solution
The stock solutions of OGA and veratric acid were prepared with 95% ethanol with concentrations of 1.34 and 1.02 mg/mL. They were further diluted to afford a series of working solutions for the determination of calibration curve, limit of detection (LOD) and limit of quantification (LOQ). All stock and working solutions were stored at 48C until use.
Preparation of sample solution
Each individual floral part (80.0 mg) was extracted twice with 20 volumes of 95% ethanol (v/w) for 20 min each time in an ultrasonic bath (pulse energy: 45 kHz), as per the method described in the literature (10) . The extracts were combined and filtered through a 0.45 mm membrane filter. A quantity of subsequent filtrate (2 mL) of each floral part was transferred to a 10 mL volumetric flask and completed to volume with 95% ethanol.
Gravimetric analysis of floral parts
Six batches of the flowers of T. chinensis were selected randomly and 10 pieces of flowers from each batch were dried to a constant weight. The dried complete flowers were manually separated into calyx, corolla, stamens and pistils, stalk and ovary, and each was accurately weighed.
Data analysis A Kruskal-Wallis H test was performed for all data obtained to analyze the differential distribution of OGA and veratric acid in each of these five floral parts by using SPSS software, version 16.0.
Results
Optimization of chromatographic conditions
Different columns, mobile phase compositions, volume ratios of solvents and column temperatures were investigated to optimize the chromatographic conditions and to establish an acceptable resolution of adjacent peaks in a reasonable time. Finally, a Synergi 4u Polar-RP 80A column (250 Â 4.60 mm i.d., 4 mm particle size) with a guard column was applied to the experiments. The chromatogram of a sample and authentic compounds is provided in Figure 1 .
Validation of HPLC method
Linearity, LOD, LOQ and system suitability Linearity was performed by injecting 2, 5, 8, 11, 14 and 17 mL of stock solutions of OGA and veratric acid into a liquid chromatograph under the optimized chromatographic conditions. The obtained regression equations (Table I ) demonstrated that the peak areas of both OGA and veratric acid at 258 nm were linear with their respective injected quantities over the ranges of 0.00853-0.0725 and 0.00268-0.0227 mg, respectively. Based on the signal-to-noise ratio (S/N), the LOD and LOQ for OGA and veratric acid were determined to be 0.021 and 0.134 ng (S/N ¼ 3), and 0.171 and 0.167 ng (S/N ¼ 10), respectively. The system suitability test was conducted by using the reference solution. The tailing factors of OGA and veratric acid were determined to be 1.01 and 1.02, and the theoretical plate numbers were 23,606 and 7,388, respectively. OGA and veratric acid in the samples were baseline separated with the adjacent chromatographic peaks.
Precision, repeatability and stability Precision was performed by six replicate determinations of OGA and veratric acid reference solutions (injected volume: 5 mL), and the relative standard deviation (RSD) values of the analytes were both less than 3.00%. Repeatability was confirmed with working solutions of six samples from one of the floral parts out of one batch. The RSD values of repeatability for OGA and veratric acid were both less than 3.00%. To evaluate the stability, a sample solution was kept at room temperature for 24 h and was injected into the apparatus at 0, 1, 2, 4, 6, 12 and 24 h. The RSD values of stability for OGA and veratric acid were both less than 2.00%, which showed that the samples were stable within 24 h.
The RSD values indicated that this method had good precision and reproducibility.
Recovery
In the recovery test, known quantities of OGA and veratric acid were added to the known samples and extracted according to the preparation of sample solutions. This experiment was conducted six times. The contents of OGA and veratric acid were in the linear range of the calibration curve, and the total recovery values were found between 96.94 and 101.40% with RSD values of less than 2.0 (Table II) , indicating that this method was feasible for this determination.
Sample analysis
The analytes in different floral parts from 11 batches of the flowers of T. chinensis were quantified by linear regression and the obtained values were all within linear range. The calculated contents of OGA and veratric acid in calyx, corolla, stamens and pistils, stalk and ovary are shown in Table III . OGA and veratric acid were detected in all floral parts, but their contents were uneven. Gravimetric analysis of each floral part was performed by measuring the mass values of every part. The mass fraction of every part was determined: calyx (41.90%), corolla (10.24%), stamens and pistils (22.40%), stalk (10.17%) and ovary (15.29%). The distribution (D) of OGA and veratric acid in each floral part was calculated by using the following formula:
wherein a represented the content of the compound of interest and b represented the mass fraction of the individual floral parts. The distribution of OGA and veratric acid in five floral parts is shown in Table IV. A Kruskal-Wallis H test was used to further analyze the variance of distribution of OGA and veratric acid in different floral parts. Test statistics showed that the significance values, i.e., the P-values, of OGA and veratric acid were both less than 0.01, which demonstrated that the distribution of OGA and veratric acid in the floral parts differed significantly. All variables were coded with ranks and pair-wise comparison was conducted with least significant difference (LSD) test. The results of post hoc multiple comparisons showed that the distribution of OGA in calyx and ovary had a significant difference (P , 0.01) compared with the four other floral parts, whereas veratric acid in calyx, corolla and stalk had a significant difference (P , 0.01) compared with the four other floral parts.
Discussion
According to the above results, the two compounds distributed unevenly and noncorrespondingly in five floral parts. Apparently, calyx is the primary contributor of both compounds because of its high value of mass fraction. However, the distribution orders of these five floral parts for OGA and veratric acid did not (13 -15) . The results of this study may provide a basis for optimizing the preparation of these compounds from the flowers. It will benefit the yield increment of OGA and veratric acid if the proportion of calyx can be artificially increased in breeding and cultivation, or if calyx can be chosen as the raw material to produce these two compounds.
Conclusion
In brief, OGA and veratric acid distribute unevenly and noncorrespondingly in five floral parts of T. chinensis, and calyx is the most enriched floral part of the five. This study favors the production of OGA and veratric acid from the flowers of T. chinensis, and benefits the breeding, cultivation and utilization of these flowers. 
